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IDTRODDCTIOiN 

It la the purpose of this report to attempt In a i>rellTnlnary 
vay to give a logical and conslatent analysis of the problem of 
providing adegiiate protection to the personnel, contents, and 
structure of nonmetalllo aircraft against the effects of electrlo 
shook, mechanloal danage, and fire vhlch are almost certain to 
occur If an unprotected aircraft Is struck "by lightning. Meuiy 
of the statenents glTen belov are rather obvious to an electri- 
cal engineer and are given In rather elementary language but are 
Ihclijded for completeness euid for the Information and orientation 
of the nonelectrical reader. It Is hoped that the analysis will 
bring out clearly the questions on vtilah further ezperlmental 
work 1b needed, and the assumptions which must at present be 
made to bridge the gaps In our knowledge of the phenomena 
associated with lightning. The results of future experimental 
work may perhaps show that other factors must also be considered 
and that some of the assuiaptlons made herein were not Justified. 



QEKISRAL ANALYSIS 

The modem problem of the protection of aircraft fpcxii light- 
ning has mEuiy points both of similarity with and of difference 
traa. the corresponding ancient problem of protecting structures 
on the ground. The basic Ideaa of Benjamin Franklin are still 
applicable.. The llgjhtnlng discharge Is aubstsuxtlally the same 
In both cases, although there Is seme Indication that the crest 
values of oiarrenb enoountered at hl£^ altitudes and presumably 
in cloud-to-oloud discharges may be less them those measured at 
the ground (reference 1). This Is because of the greater Immediate 
availability of the large charges Induced on the oonduotlng ground 
as conbrasted with those stored In the elootrleally Insulating 
Btozm oloud. 
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In "botli oasea, the Toltage vblch forces the lightning 
dlBcharges through the air la so enozmous (of the order of at 
least 100 million Tolts and perhaps ten times this value) tbat 
there Is no possibility of Interposing any insulating harrier 
that can effectively resist It. Hence the remedy Is to provide 
one or more paths for the discharge, so that all except perhaps 
a tiny fraction of the oorrent vlll bypass the protected region. 
Such paths are ccnmonly called "lightning conductors," 

The primary difference In the tvo problems arises fj^om the 
fact that the weight of the lightning conductor Is a matter of 
extreme Importance on aircraft but la quite negligible on 
ground structures. Also In ground InstEQJjitlons It Is often 
possible to avoid effects, such as "side-flash" to personnel, 
by allowing large clearances between the lightning conductors 
and the objects protected. In aircraft no apace can be spared 
for such clearances. Protruding rods and screens are taboo 
because of their aerodynamic drag. Cammon practice on buildings, 
monuments, and so forth. Is to use' very thick metal conduotorB. 
The American Standards Association Code for Protection Against 
Lightning (reference 2) specifies conductors weighing not lesa 
than 187.5 pounda per 1000 feet for copper or 320 pounda per 
1000 feet for galvanised steel. This has been done partly to 
provide agpinst corrosion over long periods of time and against 
mechanical breakage, and partly to obtain, with certainty, a 
large factor of safety agalnnt an unknovn possible upi>or limit 
of lightning current. Obviously, at least for military aircraft, 
the syatem of lightning conductors must be plEuaned with a much 
less generous factor of safety and with an arrangement of conduc- 
tors carefully chosen as to material and sine and placed strate- 
gically so as to give a maximum of protection with a minimum of 
weight. To the (perhaps limited) extent that conductors already 
present for other reasons (e.g., control cables or electric 
wiring) can safely be used aa part of the lightning conductor 
ayatem, a correapondlng aavlng In weight may be gained. 

It is evident that the best protective conductor system for 
each particular design of nonmetalllc aircraft muat be worked 
out for the particular dlmenalona, location of vulnerable contents, 
arrangement of metallic parts, and other condltlona peculiar to 
that design. 
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FDHCTIOIB CBf LUGBOnrCIlO CQUDDCTaR SYBUM 

Tha lightning oonduotore eliould perform the four followliig 
rather dlBtlnot funotlons: 

1) The7 should Intercept any direct stroke which may 

approach the craft and Insure that It does not 
first strike personnel or cargo. 

2) They should guide a discharge avay from any pert 

of tlie oraft vhere its blasting or Igniting . 
effects vould cause damage as (a) In a conflnBd 
air space or (b) vithln the thloIcneBB of the 
vooden skin or structural members. 

3) They should minimise the tendency for eleotro- 

mEignstic induction to circulate any appreciable 
fraction of bhe discharge ciurent through the 
bodies of perscixnel, or through other circuits 
lAiich vould be damaged thereby. 

4) They should shield the contents of the alrcrafli 

electrostatically so as to mlnlmlEe the tendf 
enoy to "side flash." 

Almost any reasonable arrangement of llgihtnlng conductors 
vUl have a beneficial eiTect In all :rour of these respects, 
but the four functions are Inherently distinct and it is beat 
to consider them separately, as will be done in the following 
paragraphs. 



JSrHERCEPIlGS OF SXRGKE 

For effect ^.ve Interception a part of the lightning conductor 
system must be exposed at all points lAiere a lightning discharge 
path may enter or leave the aircraft. The skin of an all-metal 
plane automatically gives an Interception vhlch Is practically 
perfect, except for the window openings and radio antennas. A 
completely nonoonductlve aircraft might conceivably be struck 
almost anywhere. Practically, however, the presence of control 
cables and wiring, and of rain water on the outer surfaces will 
markedly concentrate the electric field at projecting eztremlties 
of the craft and greatly Increase the probability of a stroke 
hitting these portions, Trtille tha ohanoe of strokes to the central 



4 



parts and to re-entrEuit angles Is oorrespond Ingly reduced. Betums 
from the BACA quest loimalre Indicate that vlth metal aircraft a 
high percent of oliBerved stroke damage InvolYod tvo etrbremltles 
(vlngtlps, nose or tall) azKL only very fev ooourred at less 
exposed areas. 

UhfoFbuziately very little Is knovn a1)out the factors which 
Influence In detail the path of a lightning strolce, la general^ 
the stroke Is in the direction of the electric field hetveen 
clouds or from cloud to ground. Eovever a comparison of the 
smooth, nearly parallel lines of force as dravn In text "books 
on electrostatics with the crinkled, tortuous and often hranched 
path of an aotueil spark makes It evident that other conditions 
influence the details of the path. Perhaps the developing 
streamer In the pilot leader stroke Is affected hy the presence 
near Its tip of available ions and particularly of electrons 
freshly released either hy cosmic radiation, or hy the St. Elmo's 
Fire, or corona discharge, iidilch often precedes lightning strokes 
to aircraft. If this latter effect is of importanoe It consti- 
tutes further reason for the ooncentratlon of dlsGhargeB near the 
extremities. 

The classical mathematical approach to problems of electrical 
screening is the solution by Maxwell (reference 5) of the problem 
of the electric field on the two sides of a row of parallel 
charged vires. Eovever, this method of treatment is applicable 
only vhen the- distance of the protected object behind, the screen 
Is scmevhat greater than the spacing between vires. In aircraft 
the prctectod objects must "be fairly close to the scz*eenlng wires 
and the resulting shielding effect can be calculated only in 
those cases where the screen is of fins mesh. 

In view of this situation it appears that about the only 
basis for Judging the merits of a given arrangement of lightning 
conductors as regards the function of interception is be experi- 
mental trails. Such trials are subject to several limitations. 
If made on full-size aircraft, the limited volteige available 
artificially requires that the electrode repiresenting the charged 
cloud must be fairly close (6 to 8 ft) to the place struck so 
that conditions are quite different from those in nature. If 
experiments are made on modols, the natural proportions of stroke 
length to model size can be approximated; but the question arises 
as to vhether the model can duplicate minor features such as 
sharpness of points, and so forth, which may be significant. 
Also the stopped character of the leader stroke, discovered by 
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Soihoolaxid (reference 4) , Inplles that the etraoture of a dtreamsr 
Is duoh that lengths of scmethlng lllce 150 feet are a slgnlfloaat 
feature of the neobaiilBm of natureil llghtnlpg and suoh a distance 
oazmot he duplicated In a model experlnezib. 

Another consideration 6U*lseB fvaa. the' fact that In nature 
the potential gradient hullds up relatively alovly, so that there 
Is an^e time for corona to develop before the final discharge 
occurs. This suggests that the ezperlnsiits should preferably he 
made vlth direct current. T&ifortunately, extremely high direct- 
current voltage Is not so generally available as surge voltages. 
Presumably experiments should be tried with both and perhaps -with 
60-ayole alternating-current also. 

A further ccBiplloatlon may arise by reason of the rapid 
motion of the aircraft relative to the air. This produces a 
tendency for the Ionized path to blow bade towaard the trailing 
edges of the vlngs and toward the tall of the crafty affcer the 
Initial discharge has occurred. This effect doubtless accounts 
for the bums occasionally found along the belly of an aircraft. 
It Is less certain, however, that the air velocity eirfeots the 
Initial point of contact, because the velocity of streamer develop- 
ment (never less than 100 km per sec) Is far greater than that of 
the aircraft (O.l km per sec). 



GQUDING C!F STROKE 

If the tip of the lightning discharge streamer strikes a 
metallic conductor which leads in the general, direction of the 
electric field, the lightning current will flow In the conductor 
and be guided by It. An exception to this arises If the conductor 
Is bent to such an extent that the Inductive voltage L dl/dt In 
any poirblon of the conductor Is greater than the sparking voltage 
between the ends of that portion. Then a spark will occur throu^ 
the air, or other Insulating material, and the current will bypass 
the conducting loop. 

If the discharge first encounters an Insulating material 
(e.g., plywood), any of several things ma; happen. 

1) The discharge may continue as an arc In the air dose to 
the outside surface of the plywood until 'It reaches a conductor. 
In this case a considerable momentaary rise In air pressure (blast 
effect) and local scorching may occur which may or may not cause 
appreciable damage. 
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2) The dlBcbarge nay punctttre the Insulator and pass Inside 
the struoture (wing, or control element) to the nearest conductor. 
In this case there ibblj he a similar blast effect hub In the other 
direction. If the space Inside Is confined to a flalrly small Toluma, 
the energy liberated hy the discharge may develop enough air pres- 
sure to hlov off the ooverlngs. A rough calculation Indicates that 
the energy per unit length In a poverful lightning stroke If distrib- 
uted thz^ughout a space 3 meters In diameter eiround Its path vould 
multiply the absolute temperature and hence the pressure (at constemt 
volume) by a factor of 10. 

Also if any explosive vapors (as frcm spilled gasoline) are 
present they may explode. 

3) The discharge may pass In the grain of one of the layers 
of the plyvood, presumably because It contains residual molstwe 
emd hence a slight conductivity. In this case there Is usually 

a very marked explosive action (probably because of the formation 
of steam in the grain of the vood) and the plyvood Is badly 
shattered for some Inches each side of the discharge path. Prob- 
ably If the material were sufficiently Insulating and free frcm 
moisture, as the result of very thorough Impregnation, this third 
case vould not occur and the discharge vould prefer an air path 
on one side or the other of the Insulating panel. Eovever, the 
experimental panels submitted by tlie BrlBtol Aeronautical Corp., 
vhlch vere presumably made vlth at least the usual care, shoved 
bad shattering. Hence It Is doubtful If present manufacturing 
methods can be expected to produce a plywood structure vhldh. 
vould be free frcm this hazard and would remain so eifter exposure 
to veather for any considerable period of time. 

It has been demonstrated that a guiding action, sufficient 
to keep the discharge In the air outside of a plywood pemel, 
can be furnished by a strip 1 centimeter wide of conducting 
paint, vhlch may have a resistance of 2500 ohms per centimeter. 
Even aluminum paint idilch has nearly Infinite resistance If 
measured at low voltages, but which contains conducting particles, 
the gaps between which can be bridged by sparks at hlg^r voltage 
gradients, also exerts a marked guiding action. These effects 
may be of use In protecting the smaller control surfaces and In 
bonding otherwise Insulated metal pEirte. 
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EUECTRCMUaiETIC SSSDCTIQEr EB!FECT8 , 

The ouirrent In a ll^rfanlng dlsoliarge oonslsts of one or 
BeTeral' Intense, unldlreo'tlooal pulBes of ah art duration, 
betveen and follovlng vhloh there may be a more or less steEidy 
fLov of eleotrlolty at a much lover rate. The vave front, though 
very steep, has been found experimentally to last for about 1 
mlorosecond and hence, since It propagates alons a metallic 
oonduotor vlth the velocity of light, to extend longltuillmlly 
1000 feet. Hence It Is permissible to consider that at any 
Instant the current has substantially the same value at all points 
along the length of any path betveen' the extremities of the air- 
craft. Because of the very high rates of Increase (emd of decrease) 
In the current, the effect of even a small Inductance In the circuit 
Is much more Important than that of considerable resistance. A 
lightning conductor may have an effective self- Inductance of only 

10'° henries for each centimeter of length but the current may 
veil Increase by 10,000 amperes In a mllllcnth of a second. The 

rate Is then 10^° smperes per second and the induced voltage drop 
is 100 volts per centimeter or 3,000 volta por foot. The resistance 
drop in no. 10 copper wire at 10,000 amperes would be only 10 volts 
per foot. If the body of an occupant of the aircraft should In 
effect span any considerable length of the lightning conductor, 
the voltage tending to send current through his body might veil 
be Boveral thousand volts, but will be far loss than the full 
voltage idilch initiates the lightning stroke. There is therefore 
a possibility that sufficient insulation can be provided to resist 
puncture by this induced voltage and thus to prevent any diversion 
of current through the personnel. In the absunce of insulation, 
the cvrrent vlll be approximately equal to the gradient of the 
induced voltage divided by the Impedance of the branch path. 
The resistance of the human body to direct current Is usu£illy 
at least 200 ohms and a sustained current of 0.01 ampere is not 
fatal, though g,ultc unpleasant. Hence a direct voltage of 20 
volts is quite harmless. TPar the rapidly changing voltage of 
a lightning surge the human skin may offer appreciably less 
Impedance but on the otliier hand it is probable that, for the 
very short time intervals involved hero, the human nervous 
system can endure considerably greater currents than the value 
quoted above. It Is planned tc study this question experimentally 
later in this vork. 
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At least 300 Tolts 1b required to produce even a very abort 
Jump spark In air at normal density. Moderate Insulation "bj 
olothlng, gloves, or shoes vlll furttier raise the voltage ufaloh 
It Is pennlsslble to Induce In any possible circuit through a 
person's hody. The solution of this part of the problem Is there- 
fore to provide sufficient conducting paths so located as to lEeep 
the Induced voltage down to a moderate value and to Insulate 
against this voltage. The use of electrically heated clothing, 
headphones, and other electrical equlinnent greatly ccoitpllcates 
this x>z'o'bleoi. 

The vay In which such Induced voltage effects can he 
analyzed Is Indicated In figure 1. At (a) the line AB 
Indicates the lightning condiictor In vhlch the current Is 
flowing, vhlle conductor CD represents a control cable. The 
Induced voltage can be calculated tram, the magnetic field vhlch 
links the rectaiigle CSFS, In other words, from the self 
Inductance of EF "with return at CD." If the Induced voltage 
exceeds the sparking vol bags of the gaps at E and F, these 
will break down and peirt (roughly half) of the current will flow 
through CD. Substantially the same voltage would be Induced In 
the separate circuit CCF'E', shown In figure 1 (b) provided 
E'F' were very close to EF. This latter voltage may be calcu- 
lated frcm the mutual Inductance between the secondary loop 
CDF'E' the primary circuit formed by the conductor AB and the 
lightning channel, the return current In the primary being the 
displacement current In the surrounding air triilch results from 
the removal of the cloud charge. Tho effectiveness of an 
arrangement of shielding conductors Is thus expressible In 
terms cf a mutual Inductance M. If the Induced volteige Is to 
be kept below the minimum value which will produce a Jimrp 
spark - namoly, about 300 volts - the value of M should not 
exceed 3 x 10"° henries for the worst case likely to arise. 
This case would be one In which the distance EF spanned the 
full length of the fuselage or wing, the distance CE was the 
full width, and the separation between EF and E 'F ' was a 
minimum. For a length of 30 feet, width 4 feet, and separation 
between EF and E'F' of 1 Inch M = 710 x 10"®. Hence seme 
modification of the single conducting wire Is needed which will 
reduce M by a factor of about 250. 

If a second conductor such as GH In figure 1(c) Is pro- 
vided, there Is a reduction In M, first because the division 
of current leaves only half of the original current In AB and, 
second, because the magnetic field produced at points In the 



9 



plazio of tbs loop by the ourrenb In GS Is opposite in direction 
to that produced by the oiirrent In AS, and tends to neutralise 
Its effects. In fact. If the loop Is located BTimiBtrlcally between 
the tvo conductors the neubralizatlon will be perfect and M vlll 
be zero. If the loop Is much closer to one conductor than to the 
other the neutralization vlll be correBi>ondlngl7' Inccmplete. As 
still other paths are added In parallel between the en&B of the 
foaelage, the neutralisation becomea more perfect. In the particu- 
lar case In which the fuselage is. a circular conducting tube with 
the discharge current distributed unlfonnly around its periphery 
(fig. 1(d) )^ the neutralisation is perfect, and M Is zero, for 
any location of the secondary loop Inside the tube. 

Instead of oanslderlng the Toltage Induced In a rectangular 
secondary loop, ve can imagine (fig. l(e^) a conductor JEFS. 
passing along the axis of the fuselage. If this conductor Is 
cut between E and F the Induced voltage measured at the out 
will be that induced in a secondary circuit which consists of 
the series connection of (1) the conductor EJ, (2) the two 
conductors JGBE and JAM. in parallel and (3) the conductor 
KF. Such a secondary circuit represents almost the worst pos- 
sible, from the present point of view, and If the voltage 
induced in it can be kept down to a safe value, any other 
internal loop will be still safer. The Induced voltage has 
been computed for this simple case and for cases in which several 
straight shielding conductors (arranged at a distance of 1 m from 
the central conductor) are present. The computed values are 
given In table I and Include values of self and mutual inductance 
per centimeter as well as of Induced voltage per foot. These 
coDo^utatlons are based on the assumption that the primary con- 
ductors are long in ccnparlson with their cross sections and 
spacing, that the current divides equally among them, and that 
the current is nhanging at the rate of 10^° amperes per second. 

Each column in table I cozrresponds to a different possible 
arrangement of conductors, as described in row 1. Sows S and 6 
show, respectively, the total external voltage drop per foot 
which would exist across the ends of a structure while current 
is building up at the rate of 10^^ enures per second. This Is 
the voltage that would be measured by a voltmeter, the loads of 
tAilch were attached to points one foot apart and extended away 
perpendicular to the axis to a very great distance before coming 
together at the voltmeter. The values in row 6 are based on the 
effective return circuit of the lightning current being at an 
average dlstemoe of one kllcoster from the aircraft - that Is, 
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about half the xadlUB of a oloud. Those In rov 5 are hased on a 
return circuit at 100 meters, this helng a more reasonaUe estimate 
of the distance to idiloh the magnetic field could have tine to 
propagate in the short time allowed by a steep vave front. It 
vlll he seen that the difference between the values in the tvo 
.rows Is of minor significance, so that a more precise definition 
of the return circuit Is unnecessary. It also appears that the 
addition of parallel conducting paths does not reduce the eitemal 
voltage drop by a very large factor. 

The values in rov 7, on the other hand, give the internal 
Induced voltage - that Is-, that which wuld be measured by a 
voltmeter connected at EF* of figure l(o). It will be seen that 
tliose values ore materially less than the external voltage and 
that the use of a plurality of conducting paths and of vide con- 
ducting paths can result In a material reduction In the voltage. 
Barring seme Improper arrangement of control cables or wiring. 
It is unlikely that an Individual would span more than 6 feet of 
circuit and he would then be exposed to the voltages listed In 
row 8. Vhlle It would be difficult to Insulate against 25,000 
volts. It Is relatively easy to protect against surges of 1800 
volts. 

The merits of a given arrangement of lightning conductors 
as regards their reductions of electrdmagnetlo Induction effect 
con be expressed by stating the mutual Inductance M between 
the lightning current path and any path through personnel or 
other vulnerable contents. The procedure for measuring this M, 
which it is proposed to try first, is to send a surge current, 
of moderate value I, but of fairly steep vave front, so that 
dl/dt is of the oxtLer of 10^ ompeires per second. (This value 
is about the median observed In natural lightning (reference 5) 
through the aircraft between any desired pairs of extremities 
and to measure the crest voltage E induced between various 
cond'cting bodies - wiring, dummy personnel, control cables, 
communioatlon apparatus, and so forth, within the craft.) The 
ratio of E to dl/dt Is the value of M. It is possible that 
bridge methods using sustained audio- frequency may also prove 
useful for this purpose. It Is also possible to calculate values 
of M for cases In which the conductor in question approximate^ 
simple geometrical shapes, as in table I. 



"SHJE-FLASH" 

"La. llghtnli]g strolces to 'buildings a comzDOBly obeeirrei. occur- 
rence 1b the passage of a visible spark from, the main discharge 
path to Isolated conducting objects: for example, stoves, metal 
bedsteads, and so forth. Such effects are called "side- flash." 
If they should occur In an aircraft, there vould be a hazard 
(1) of Igniting any gasoline vapor tdiloh might have accumulated 
and (2) of an uncomfortable and perhaps serious electric shock 
to personnel. 

The tendency for sucih "side- flashes" to occur can be expressed 
In a quantitative manner, as follows: Prior to the stroke, the 
aircraft and Its contents are all at the same electric potential 
vhlch has seme value intexmedlate betveen that of the thunder- 
cloud and that of the earth. The first stages of the stroke 
serve suddenly to chan^-je the lightning conductors to a new 
potential vblch may differ traa. Its previous valus by seme 
hundreds of mil lions of volts. Electrostatic induction by 
reason of the direct capacitance, Cp^ betveen the pilot and 

the lightning conductor vlll tend to chanj^e his potential also, 
but the direct capacltEmoe , Cpg from the pilot to ground and 

to distant regions will prevent this shift in potential from 
being ccmplete. Hence, there will exist momentarily between 
any conducting body, such as the pilot, gasoline tank, or other 
Internal object, and the lirhtnlng conductor system a difference 
of potential LV given by the relation: 

"^O °T)K 

AV B — £& 

(Cpc +■ °PG^ 

Here is the dhan^e In potential of the lightning conductor 

due to the stroke and may be of the order of 10° volts. If AT 

Is to be kept down to a few hundred volts, the ratio 

should be as small as 10**^. With a ll^tnlng conductor, which 

consists of only a single wire, Is much too high* 

(Cpc + Cpg) 

With the addition of more conductors around the protected object, 
Opo vlll ' increase slightly and Cpg vlll decrease rather rapidly. 
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If tbe metal of the plane oonpletely auorrousds the contents^ Cpg 

teocoBB strictly eero and so does A7. This deslra'ble ccxodltlon 
obtains In an all-metal aircraft except for the effect of the 
vlndEdileld openings. 

If the distance between the Internal object and the lightning 
conductor Is too short, the Toltage difference A7 will produce 
a "side- flash" spark between them. The amount of charge q trans- 
feiTed by this spark Is given by the product q. a CpQ AV (or by 

Cpg 7q). a reasonable estimate for Cp^ Is 10"^° farads and If 

A7 Is only 10,000 volts, the charge vlll be only one mlcrocoulomb. 
Such a spark Is very different from, that caused by electromagnetic 
Induction and vould perhaps not give a serious shook to personnel 
but vould be sufficient to Ignite an explosive vapor mixture. If 
the Internal object Is connected electrically to the lightning 
conductor, there will be no spark, but still a charge q will 
pass throu^ the connector. If the connection is by way of a 
man's am or leg a corresponding shock vlll be felt. 

Such "side-flash" sparks vlll tend to occur to any small 
insulated metal parts (aileron hinges, brackets, etc.). If It 
should be found that the current in such sparks Is enough to 
damage the plywood structure, the parts should be bonded to the 
conductor system, perhaps by conducting paint. 

It vlll be noted that a "side- flash" spark caused by electro- 
static action does not. In general, carry any considerable part 
of the main discharge current. Hence It is not nearly as demgezvus 
as the spark resulting from eloctromagnetlc Induction, although 
the voltage causing it may be materially higher. An interesting 
question which arises is: Can a "side- flash" spark set up a con- 
ducting path through which electranagnetlc induction vlll there- 
upon divert a dangerous fraction of the main current? Under 
most circumstances the answer is "no," but such on effect seems 
possible in the particular circumstances shown in figure 1(f) . 
Here a control cable CD is separated from the system of light- 
ning conductors AB by two spark ^ps. Gap Is assumed to 

have electrodes with smoothly rounded surfaces which will pemlt 
a spark to develop very quickly If sufficient voltage Is applied, 
but this gap is assumed to be so vide that the niHTlTimm voltage 
induced by electromagnetic action is not enough to Jump It. Gap 
Gq, on the other hand, is assimied to have sharply pointed olec- 

rodes and hence to exhibit a time lag In the xtroductlon of a 
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sparkj but It 1b alao aBBumed to be ahoarb enough to be Jumped by 
tlie eleotramEigiietlo Tolteige. Wben suoti a stzaioture 1b Bubjected 
to a ll^tnlng dlschar^^ tlie high "nlde-flash" voltage may be 
enough to Jump G'-j^ and will do bo beforia Gq has time to break 

dovfn. The full electramagnetlo ToLtage then vlll be impressed 
on Cg, vhlch may break down a little later and thus peznlt a 
goodly fraction of the main current to pass through CD. 

The determination of the merits of a proteotive structure 
as regards "side-flaBh" requires a detexnlnatlon of the oapacl- 

c ■ 

tonoe ratio -£b. to ocmpute these values f^om the size and 
Cpc 

shape of the oaoduotorB la Impracticable. It is perhaps possible 
to measure them vith eui audio- frequency bridge but the very small 
value of Cpg makes It probable that the effect of the stray 

capacitance of leads vorJ.d make such a meesurement exceedingly 
difficult. It is therefore proposed to determine the ratio by 
Bitpportlng the aircraft under test on insulators and changing 
It suddenly to a considerable potential Vq by a surge generator. 

An electronic crest voltmeter, with capacitance coupling, connected 
betveen the llglhtning conductor and the test object (e.g. ^ a dummy 
pilot) measures AV and the quotient of those voltages should give 
the desired ratio. 



National Bureau of Standards, 

Washington, D. C, Iferch 3, 1943. 
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lABLB 1.- TQLIAfiaSS IHDDCED IN TiBIOUS S'MJUl'UUB BT EUKKCBaiAaSCIC HEDDIIGV 



Bow 


Case 


I 


II 


III 


IT 


T 


71 


YII 


mi 


u 


1 


Structare 


1 

no. 10 
Hire 


1 

6 In. 
strip 


2 

no. 10 
wires 


2 

6 in. 
strips 


\ 

no. 10 
vires 


\ 

6 in. 
strips 


8 

no. 10 
vlrv 


8 

6 in. 
strips 


Complete cylin-- 

Jaw AImmIiMP 

a 2m 


2 


Self Inductance 
per cm. aUi 
B > 10 cm 


23.0 


16.0 




12.0 


12.0 


10.2 


10.4 


9.6 


9.2 


3 


Self Inductance 
per on. abh 
B - lO" am 


27.6 


20.6 


20.0 


16.6 


16.6 


ll^.S 


15-0 


1U.2 


13.8 


\ 


Mutual inductance 
per cm, abh 


13-8 


6.8 


6.2 


2.8 


2.8 


1.0 


1.2 


0.4 


0 


5 


InductlTB TOlts 
per ft, eztezBal 
B a 10* em 


7.000 


U,900 


1^,700 


3700 


3700 


3100 


3200 


2900 


2800 


6 


InductlTB TOltB 

per ft, external 
B a 10" em 


8,^ 


6,300 


6.100 


5100 


5100 


I45OO 


1(600 


4300 


1(200 


7 


Inductive Tolte 
per ft, intstnal 


1^,200 


2,100 


1.900 


850 


850 


300 


370 


120 


0 


8 


Internal volts 
on 6 ft qpan 


25.000 


13,000 


11.000 


5100 


5100 


1800 


2200 


720 


0 

UI 




J 



